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ABSTRACT 
Activation of Prorennin 
by 
Nazar A. Shukri, Doctor of Philosophy 
Utah State University, 1969 
Major Professor : Dr . C. A. Ernstrom 
Department : Food Science and Technology 
Purified prorennin appeared to be homogeneous when subjected to 
chroma togr ap hy on a Diethylaminoethyl-cellulose and to electrophoreses in 
starch-urea-gel. Crystalline rennin was heterogeneous , and was resolved 
into six components when analyzed electrophoretically . When crystalline 
rennin was chromatographed on a colum n of Diethylaminoethyl-cellulose 
ix 
two distinguishable peaks were observed which corresponded to B- and C-rennin. 
Unhke cry stalline rennin , rennin freshly activated at pH 2. 0 or 5. 0 was essen-
ti ally homogeneous . 
Rennin resulting from activation at pH 2. 0 and 5. 0 appeare d to be dif-
fe rent . Rennin activated at pH 5. 0 was eluted faster from Diethylaminoethyl-
cellulose column, and moved slightly faster in starch-urea-gel e lectrophoresis , 
than rennin activated at pH 2. 0 . Ami no acid ana lysis showed that rennin acti-
va1ed at pH 2. 0 had mo re arginine and less proline than that ac tivated at 
pH 5. 0. This could be accounted for the differences in chromatograp hi c 
x 
and electrophoretic behavior of these rennins . 
C.rystallme rennin ex hibited more resistance to urea denaturation 
than prorennin . This suggested a fundamental difference in their secondary 
or (and ) tertiary structures . It also showed the importance of intramolecular 
H-b onding for enzyme activity . An increase in crystalline rennin components 
was acco mpanied its prolonged exposure to 6 M ur ea. This was not the case 
with prorenni n , 
(77 pages) 
INTRODUCTfON 
Re nnin is the main milk-clotting enzyme obtained from the fourth 
s tomach of yo ung calves. It is secreted as an inactive precursor called pro-
rennin, which is transformed into an active enzyme in the environment of the 
abom asum. Rennin is a proteol ytic enzyme, which exhibits its maximum 
activity on hemoglobin, bovine serum albumin , and casein in the region of pH 
3 . 0- 4. O (3, 6, 10 , 13). It has a specificity similar to, but narrower than, that 
o f pepsin (10) . Rennin has been crystallized (2, 6, 9, 21), but the crystalline 
e nzyme was found to be heterogeneous (9) . Prorennin has not been crystallized, 
and has no prot e olytic activity. Conflicting reports have been published con-
ce rned its homogeneit y . Foltman (16) reported the heterogeneity of prorennin , 
whil e Bund y e t al. (5) and Djurtoft et al . (7) claimed that it was homogeneous. 
Pr or ennin can be activated in vitro at pH 5. 0 (33, 37). However , as the pH is 
dec r ea,;e d the r a te of activation increases markedly (27, 33) . 
Re nnin has been used in cheese making for at least '.., ,nty centuries. 
Rece ntl y a r e nnet shortage has developed in the market due to a decreased 
da iry- cow population, incr eased cheese production, and an increasing tendency 
to rais e calves for beef rather than for veal. This rennet shortage, which shows 
no sign of relaxing in the near future, makes it urgent to learn as much as 
possible about rennin and its function 
This research was originated to st udy the kinetics of activation of pro-
rennin at low pH values (37). When it appeared that activation at pH 5. 0 and at 
pH 2. 0 were different, it suggested the possibility of different pathways of 
acttvat10n, and raised questions about the structural similarity of rennin 
activated under these two conditions . 
This study was undertaken to see if there were differences between 
rennm activated at pH 2 . 0 and that activated by autocatalysis at pH 5. 0. 
Specifically, the objectives of this work were to determine : 
1. Whether or not there is a difference between rennin activated at 
pH 2. 0 and that activated a t pH 5. 0. 
2 . To consider and clarify the contradiction concerning prorennin 
homogeneity. 
2 
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LITERATURE REV IE W 
En zyme s are synthesized in living systems either as comp lete active 
ca tal ysts or as inactive precursors which are activated outside the secreting 
cell s . Rennrn fa lls rn the second category . It is secreted in an inactive form 
calle d pror ennin , and is activated in the environment of the stomach . This 
ac tiv ation may al so be brought about in vitro . 
Pror ennin . The existence of prorennin was first recognized by 
Hammarsten (20). However , Kleiner and Tauber (26 , 27) were the first to 
pa rti al ly iso la te this zymogen and study its properties . They reported that the 
r ate of conversion of prorennin to rennin increased with increasing acidity down 
to pH 1. 0. Th ey also demonstrated that prorennin was stable in the region of 
pH 9 . 0-1 0. 0 where rennin was rapidly inactivated . 
Ber r idge (42) observed some proteolytic features involved in the acti-
va t ion of pror ennin , and pointed out the need for pure prorennin before definitiv e 
studi es co uld be made . 
Foltm ann (12 ) devised a method for purifying prorennin by employing 
sal t extraction of dried calf stomachs. He was able to prepare material in which 
50% of the protein was prorennin . He reported that the isoelectric point of pro-
r e nnm was pH 5. 0 or slightly lower as determined by paper electrophoresis . 
F o ltman (15, 16) further purified proren nin by ion-exchange chromatography on a 
col umn of Diethylaminoethyl-cellulose (DEAE-cellulose), and found his preparation 
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to lie heteroge neo us and capable of be ing fractionated into at least two compo -
ne nts. He desig nated the mai n frac ti on prorennin-B , and the minor one pro-
rennin-A . Upon act ivatio n , each of these fr ac t10ns gave rise to different re nnen 
co mponents . He showed that act ivat ion at pH 4 . 7 was partially autocatalytic , while 
tha t at pH 2. 0 rese mb le d a second-order reac ti on (18 ). His work also show ed that 
acuva t10n of prorenni n was brought abo ut by hydro lysis of pepti de material from 
the N- termmal e nd of th e prorennin molecul e. Appl ying Sang er' s (35) method for 
de termini ng the N-terminal ami no aci d , Foltm ann found that alanine occupied 
the N-term inal e nd of the prore nnin molecu le . In a la ter work (17) he showed 
that durmg activatio n at pH 2. 0 and 25 C, three pep tides were split from the 
N- ter minal end of th e prorennin mol ecule . He reported the amino aci d com-
pos ition for these peptides alo ng with those for re nnin and prorennin (Table 1) . 
He found th at the amino acid composition of prorennin-B was similar to that of 
total prorennin . Also, chromatographically purifi e d B-ren nin resulting from 
th e act1vat10 n of prore nnin - B , had almost the same amino acid composition as 
rennm . He was able to account for all the amino ac ids in prorennin from the 
a mm o ac id compositio n of rennin and the peptid es released during activation. 
Foltmann also found that in spite of the homog eneity of prorennin-B , the enzyme 
derived from it was heter ogen eo us . He sugg este d th at the activation process 
mig ht t ake diff er ent pathways leading to different enzyme fractions . 
Bundy et al. (5) describ ed another method for purifying prorennin . 
The met hod consisted of twic e ex tr acting calf stomachs with acetone at -5 C . 
The ace tone-e xtr acte d m aterial was dr ied and r e-ex tracted with tris buffer at 
5 
pl-I 7. 2, Ammonium sulfate was then added to precipitate the protein, Th e pr o-
rennin was furth er purified by chromatograph y on a column of DEAE-c e llulos e 
and rechromatography on a column of DEAE-Sephadex A-50 medium. They 
conclud ed that prorennin was homog e neous as indicated by sedimentation 
analy sis and col umn chromatography. This was in contrast to the findings of 
Foltmann (16), They also showed that activation of prorennin at pH 4 . 4 was 
autocata ly tic , and that the release of peptide material occurred during the 
ac tivation process. 
Rand and Er nstrom (33), studied th e activation of prorennin between 
pH 2. 0 and 5. 5. The y demonstrated that activation at pH 4 . 7 and 5. 0 was pre-
domi nantl y autocatalytic. Below pH 4. 0, activation was too rapid, even at low 
te mpe ratures , to follow accurate ly, while that at pH 5. 5 and above was ex tr emely 
slow . Sodium chloride at a concentration of 1. 5-2. 0 M markedly enhanced the 
ra te of activ a tion of prorennin at pH 5 . 0, but when the sodium chloride was in-
creased to 2 . 6 M , it was detrimental both to the activation rate and the yield 
of enzy me. Activatio n at pH 2. 0 (25 C) in the presence of sodium chloride, 
eve n at a co ncentr atio n of 0. 05 M , reduced the yie ld of active enzyme. This 
r eduction was mor e pronounced as the salt (NaCl) concentration was increased. 
The high est amount of active rennin was obtained from activation at pH 5. 0 in 
1. 5 M sodium chloride. The amount formed at pH 5. 0 was enough greater than 
that formed at pH 4. 7 to be ec onomically important. In a later report (34) Rand 
and Ernstrom showed that activation of prorennin could be catalyzed by pepsin , 
Th e pepsin-catalyzed activation at pH 5. 5 and 6. 0, proceeded rapidly at first 
and resembled a zero-order reaction, As the activat ion proceeded it changed 
rather abruptly to a much slower rate. 
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Shukri (37 ) found that glycerol, in activation mixtures, had th e ability 
to reduce activation rates without sig nificantl y affecting the natur e of the 
reaction or the final yield of active enzyme. This finding made it possible to 
accurately st udy the activation of prorennin at low pH values. He showed that 
activatio n of prorennin at pH values below 4. 0 followed first -or der kinetics. 
He also verified the predominantly autocatalytic natur e of activation above 
pH 4. 0. 
Djurtoft et al. ( 7) determined the molecular weight of pro rennin by 
sedi me nt atio n-diffusion and by gel filtration on a column of Sephadex G-100. 
They reported a molecular weight of approximately 36, 000, and found that a 
small amount of the prorennin had an elution volum e which corresponded to 
a molecular weight of about 70, 000. Foltmann (18) 'Stiggested that some of the 
the prorennin was present as dim ers. The most interesting point in this study 
was that these workers who used gel filtration and sedimentation-diffusion did 
not observe heterogeneity comparable to that observed by column chromatography 
(16 ). Based on the sedimentation analysis and N-terminal amino acid data , Bundy 
et al. (5) estim ated the molecular weight of prorennin to be 40, 000-50, 000. They 
also observed that the sedimentation constant increased with prorennin concen-
tration, which suggested a concentration-depende nt assoc iati on of prorennin 
molecules. 
Rennin. Rennin has been crystallized by Berridge (2), Hankinson (21), 
De Baun et al. (6), and Ernstrom (9). The latter showed that crystalline rennin 
was het e rogeneous and contained thr ee components as s hown by free-bound ary 
electrophoresis. This finding was confirmed by Foltmann (14), when he resolv ed 
crystalli ne rennin into thr ee active and one inactive component on a chrom a-
togr aphic column of DEAE-cellulose . He des ignated the active fractions as A-, 
B-, and C-re nnin in decreasing order of their specific activities . Jirgensons 
et al. (25) showed that a chromatographically pure r ennin could be obtained by 
fractionation on a DEAE chromatography column. They reported that the N-
te rminal and C-ter minal am ino acids on rennin wer e glycine and leucine or 
isoleuci ne respectively . They also reported that rennin belonged to a class of 
abnormal proteins which did not have a helical configuration . They based this 
concl usio n on the fact that rennin beh ave d abnormally with respect to optic a l 
rotatory dispersion. 
Mickelsen and Ernstrom (28) investigated the stability of rennin betw ee n 
p H 2. 5 and 6. 8 in buffers of glycine-RC! (pH 2. 5-3 . 0), lactic acid-sodium lac-
ta te (3 . 0- 4. 0), acetic acid-sodium acetate (4 . 0-5. 2) , cacodylic acid-cacod ylat e 
(5 . 2-6. 0), and phosphate (6 . 0-6. 8) at 0. 03 ionic strengt h. They reported that 
rennin had its m ax imum stability between pH 5. 0-6. 0. In the region of pH 
3. 0-4. 9 re nnin was less stable and had an instability maximum at pH 3. 8. 
When the ionic strength was increased from 0. 03 to 1. 0 with sodium chloride 
or potassium chloride it was extremely damaging to rennin at pH 3. 8. In 
examinmg the stability of the enzyme at this pH in the presence of different 
a nions and cations , they found that chlorid e was responsible for the pronoun ced 
d eter ioration of the enzym e . When lact ate was the only salt present, an in-
crease in ionic strength from 0. 03 to 1. 0 actually reduced activity losses by 
50%. 
Foltmann (13) exami ned the stability of solutions of crys talline 
rennin between pH 2 . 0 and 7. 0 in buffers of citrate (2 . 0-4 . 0) , acetate (4 . 0-
5. l ), and phosphate (pH 5. 1-7 . 0). The ionic strength of all buffers was 0. 05. 
He demonstrated that rennin had maximum stability at pH 5. 5-6. 0, with 
mod erate stability at pH 2. 0. He also showed that rennin was unstable 
between pH 3. 0 and 4. 0, and above 6 . 5. At pH 4. 0, citrate buffer appeared 
to ca us e slightly more loss than acetate buffer , however , acetate and phos-
phate buffers had identical e ffects at pH 5. 1. 
Schwander et al. (36) reported the molecular weight of ren nin to be 
40, 000 as determined by sedimentatio n and diffusion analysis. Gel filtration 
and sedimentation-diffusion studies by Djurtoft et al . (7) showed that rennin 
had a molecular weig ht of about 33 , 000 . In the ge l filtration experiment how-
ever, a s mall amount of rennin had an e lution volume which corresponded to 
a mol ec ular weight of 70, 000 , indicating that rennin , like pror e nnin, mu st 
form dimers in solutions. Association between rennin molecul es was obs erved 
ear li er by Baldwin and Wake (1) in their sedi ment ation studies on rennin. They 
s bowed that the degree of association depended on both the ionic strength and 
e nzyme concentratio n . At 0. 02 ionic strength, the Schlieren patterns showed 
two partly resolved peaks at high rennin concentration . When the concentration 
was r educed they observed only one peak. When the ionic strength was in-
c re ased to 0. 32 the patterns showed only one peak at all rennin concentrations. 
Hill and Laing (23) showed that rennin became inactiv ate d when 
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photo-oxidized with meth ylene blue at pH 6. 4 . During photo-oxidation 14-16 
mo les of o2 were absorbed by one mole of enzyme. Under thes e condit ions 60% 
of the hi s tidin e residues were destroyed. Modification of other photo-oxidi za ble 
s ide chains (tr yptophan and methionine) by specific treatments had no effect on 
act ivit y. From this the y concluded that one or more histidine side chains form 
part of the active center of rennin . 
Table 1 Amino acid composition of prorennin-B , total prorennin, B-rennin, 
and total rennin (Moles / 105 grams of protein ) (17 , p . 280-281) 
Amino acid Prorennin-B 
Lysine 35 . 8 
Histidine 13.8 
NH3 
Arginine 19.4 
Aspartic 92 . 2 
Threanine 56.4 
Serine 84. 4 
Glutanic 100.3 
Proline 38.6 
Glycine 78 . 7 
Ala nine 41. 5 
Cys tine 1/2 14.0 
Yaline 63.0 
Methionine 18 . 7 
Jsoleucine 52.6 
Le ucine 70 . 6 
Tyrosine 50.7 
Phenylalanine 45. 
Tryptophan 11. 
Amide 94 
Total 
pro rennin 
35.3 
13. 9 
114. 8 
18.5 
92. 7 
57 . 2 
80.6 
101. 5 
41. 0 
77. 7 
41. 7 
13.3 
57.5 
18.9 
50.5 
70.5 
52 .2 
45.2 
11. 2 
94 
B-rennin 
26.5 
13 . 4 
15 .8 
97. 
61. 0 
86.9 
94. 
39. 
79. 
41. 8 
15. 9 
68.1 
21. 7 
49.4 
60. 4 
50.1 
44.9 
13.6 
100 
Total 
rennin 
24. 
14. 
113 . 3 
16. 
103. 
61. 8 
80.1 
93 . 3 
43 . 7 
75.4 
41. 1 
12.3 
66. 3 
21. 4 
50 . 6 
64.0 
51. 8 
45 . 0 
12.4 
100 
10 
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EXPERIMENTAL METHO DS 
Determin ation of milk -c lotting activity. Enzyme act ivit y was measured 
on a substrate suggested by Berr idg e (4), using a method described by Ernstrom 
(9) , Th e substrate was made by dis so lvin g 120 g low-heat nonfa t dry milk in one 
liter of 0. 01 M calcium chloride and holdin g for 20 hours at 4 C . Twent y-fiv e 
ml samp les from the bulk sub strate were placed in 125-ml wide-mo uth bottles, 
and tempered to 30 C in a water bath. One ml of the properly dilut ed en zyme 
solution was added to eac h bottle , and th e c lottin g time measured and recorded . 
Activi ti es of unknown enzyme so lution s were compared with the ac tivit y of a 
standar d rennet extrac t which was maintained at a constant ac tivity throughout 
this st udy. Th e standard rennet extract, arb itr ar ily given a va lue of 100 RU /m l , 
had ac ti vity such that one ml of a 1:250 dilut ion produced visible clotting of the 
substrate in 125 :!:_ 5 counts on a test apparatus (40) rota ting at 20 co unt s per 
minute. Variations in the response of diff ere nt lots of substrate to renn in 
acco unt ed for some var iation in clott ing tim e . Consequently, whenever rennin 
solutions were te st ed, the ac tivit y of the standard was mea s ured simultaneously 
on the same substrate. 
Purification of r en nin. Rennin was purifi ed by a method described by 
Ernstrom (9) . A concentr ated rennet ex tract (double strength, about 170 RU /m l) 
was adjusted to pH 5. 0 with 3N HCl and saturated with so dium chloride . The 
precipitate which formed wa s separated by centrifuge for 45 min . at 5000 g . 
12 
It was then redissolved in one-half the original volume of water and adjusted 
to pH 6. 3 with dilute sodium hydroxide . These steps were repeated until four 
salt precipitates had been obtained . The fourth precipitate was also redissolved 
in water and the pH of the so lution ad;usted to pH 6. 3 with dilute sodium hydr ox-
ide . Potassium alum, dissolved in a small amo unt of water , was adde d at the 
rate of 10 g per liter . The solution was imm ediately neutralized to pH 6 . 3 
with dilute sodium hydroxide . The aluminum hydroxide gel was removed by 
centrif uging . The supernatant was adjusted to pH 4 . 6 with dilute hydrochloric 
acid and the rennin again precipitated by saturating with sodium chloride. The 
precipitated rennin, which was obtai ned by centrifugation , was dissolved in a 
minimum of 0. 05 M phosphate buffer at pH 6. 8 and dialyzed agai nst salting-in 
buffer (50 g MgC12. 6H20 plus 15 g CH3COONa , 3H20 per liter, adjusted to 
pH 5. 4 with 10 N H2So 4) (3). rystals which formed during dialysis were 
centrifuged and washed twice in salting-in - buffer and twice at pH 5. 6 in 0. 05 M 
acetate buffer containing 0. 3% sodi um chlo ride. Finally, the rennin was re-
dissolved in a small amount of 0. 05 M phosphate buffer (pH 6 . 8), dialyzed 
against water, and lyophilized . The final prod uct had a specific activity of 
380 Ru/mg nitrogen . The highest reported specific act ivity for crystalline 
re nnin 1s 400 RU/ mg nitrog en (9). 
Purification of prorennin . Partially purified prorennin was prepared 
by a modification of Foltmann ' s method (12, 15, 16) . Unsalted dry-blown 
calves ' stomachs were extracted at 3 C in a 10% sodium chloride solution 
\PH ,i.O) containing 0. 1 M s odium borate . The extract was then adjusted to 
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pH 7. 0 with 3N HCl. Potassium alum (10 grams per liter of extract) dissolved 
,n small amount of water was added to the extract and the acidic salt immediatel y 
neutralized to pH 6. 3 with saturated disodium phosphate . The gel which formed 
was removed by centrifuging . The supernatant was adjusted to pH 8. 0 with 
3N NaOH, saturated with sodium chloride, and left overnight at 3 C. The pH 
wa s adjusted to 7. 0 with 3N HCl , and the enzyme was separated by centrifuging 
at 5000 g for 2 hr . at 15 C. The precipitate was dissolved in a minimum of 
0. l M borate buffer (pH 8. 0), and filtered . Precipitation of the enzyme was 
repeated once more , and the precipitate redissolved in 0. 1 M borate buffer 
(pH 8. 0). Potassium alum (5 grams per liter) was again added and the solution 
neutralized immedi ately to pH 6. 3 with saturated disodium phosphate. The 
aluminum phosphate gel was removed by centrifuging and discarded. The 
superna tant was dialyzed against 0. 04 M borate buffer (pH 8. 0), then freeze 
dried. 
The partially purified prorennin was further purified by ion-exchange 
chromatograp hy on a column of DEAE-cellulose as recommended by Peterson 
and Sober (30). The partially purified prorennin was dissolved in 0. 05 M 
phospha te buffer at pH 5. 95 and applied to a preparative DEAE-cellulose column. 
After the sample had been drawn into the column , it was rinsed with few ml of 
equili brating buffer (0. 05 M phosphate, pH 5. 95) and allowed to drain . The 
col umn was then connected to the reservoir which contained equilibrating 
buffer. After 680 ml had been eluted, the concentration of the buffer on top 
of the resin and in the reservoir was changed to 0. 1 M (pH 5. 85). Subsequently, 
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and in the same m anner, the buffer was changed to 0. 2, 0. 25, and 0. 3M after 
490 , 840, and 465 ml resp ect ive ly. 
It was not ed that satisfactory r es olution could be achieved with a 
s impler el ution. Hence , in later preparative experime nts O, 1 M phosphate 
buffer at pH 5. 85 was used for equilibrati ng the sample and starting the elution. 
The buffer was then changed to concentratio ns of 0. 2 and 0. 3 M after 640 and 
700 ml respectively . The flow rate was about 30 m l/hr., and about 20-ml 
fractions were collected . Protein concentrations were determined spectro-
photometrically at 280 m;i with the aid of a Ziess PMQ II spectrophotometer. 
Selected samples were used for activ ity determinations . 
Buffers used in the se experime nts were all prepared by suitable dilution 
of 1.. 0 M phosphate buffer made by dissolving 12. 92 g N a2 HPO 4 plus 125. 46 g 
NaH2 P0 4 · H2o in a final volume of one liter . Changes in pH with concentration, 
were due to varying ionic strengths. 
After each run fr ac tions representing prorennin were pooled , dial yzed 
against distilled water (8-10 hours ), and lyophilized. When prorennin solutions 
were concen trated by perfusion in dialysis casings prior to freeze drying , there 
was abo ut 5% loss in activity accompanied by slight heterogeneity in the dried 
material. Therefore , concentration by this method was avoided throughout this 
st udy . 
Further purification of prorennin was attempted by rechromatography 
with gradient elution. Once -chromatographed proren nin was dissolved in 0 . 1 M 
phosphate buffer at pH 5. 85, and applied to a new preparative DEAE-cellulose 
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column (2. 5 x 25 . 0 cm . After the sample had been drawn into the column , it 
was rinsed in with few mtlhlite r s of the equilibrating buffer (0 . 1 M phosphate, 
pH 5. 85). The column was then connected to the reservoir which contained 800 
ml of eq uilibr ating buffer , and rnto which was al lowed to flow 0. 3 M phosphate 
buff e r (pH 5. 60) at the same rate as buffer moved from the reservoir onto the 
column . Flow rate was 25 ml / hr. , and 18-ml fractions were collected. Protein 
co nc entration and act1v1ty determinations were made as previously described. 
The final product used in this study had a specific act ivity of 320-340 
prorennin units per mg nitrogen and only 0. 11-0. 36 o/u of the total activity was 
due to active rennin . Thts potential activity corresponded to 80-85 % of the 
highest reported spec1f1c activity for crystalline rennin (9). 
Preparation of DEAE-cellulose column . DEAE-c ell ulose powder was 
suspended in buffer, and allowed to eq uilibrat e and settle overnight in the 
refrigerator. The entire slurry was poured onto Whatman No. 1 filter paper 
which all owed the fines to pass through . The DEAE-cellulose was resuspend ed 
in the same buffer , and poured as a slurry into a 60 x 1. 1 cm glass tube , the 
outlet of which was closed . When the settled resin was about 4-5 cm deep the 
outlet was opened and packmg continued until all the slurry was poured into the 
column . After gravity settling was complete a pressure of 6 psi was applied 
to help pack the column until a constant height was achieved. T he column was 
then tra nsf e rred to a cold room at 3 C, and again washed overnight with equil-
1bratrn g buffer. The column was now ready to use. After each run the column 
was washed with a solut10n co ntai mng 0. 5 M NaCl and 0. 05 M NaOH , ri ns ed with 
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dtstilled water, and eq uilibr ated w,th the buff er. When the column was not in 
use, the ltquid was kept. at a he,gh t of 1 cm above the resi n. 
Several DEAE -cell ulose col umn s (different sizes) were used during this 
study , but all were prepared and tr eated as described . 
Activ ati on of prorennm and resolut.wn of activation mixtures. Acti-
vation of prorenmn samples at pH 2. 0 was carried out in 0. 02 M phosphate 
buffer. Purified prorennin powder was dissolv ed in the phosphate buffer at 
a conce ntr a tion of 3-4 mg / ml. Samples remained at th e activation pH for 20 
min. before neutrah za.tion wit h saturated Na 2 HP0 4 to pH 6. 0 :f: 0. 1. The 
sa mples were then dta.lyzed agai nst O . 00 2 M cacodylate buffer a t pH 6. 0 (6-8 
hours) , and applied to the DEAE-ce llulos e column. When the size of the 
dialyzed samples was large , they were freeze dried first and then dissolved 
m a minimum amount of buffer before applyi ng to the column. 
It was notic ed that a fme white nondial yza ble precipitate formed during 
ne ut raliza tion. Henc e, this precipitate was r emoved by centrifugation before 
the sample was applied to the column. 
After the sample had been dr awn into the column and rinsed with a few 
milltlit er s of the equilibrating buffer (0. 02 M phosph ate buffer at pH 6. 0), the 
co lumn was connected to the reservoir for gr adient e lution. The reservoir con-
tamed 400 ml equilibrating buffer and into it was allowed to flow a 0. 4 M phos-
phate buffer a t pH 5 . 5. 
The column was operated at 3 , and the resin volume was 38 x 1. 1 
cm. The flow rate was 15 ml/ hr. , and the fr action size was 5. 0 ml. Fractions 
were collected from the column and the protein concentration determined 
spectrophotometrically at 280 mJ with a Ziess PMQ Il spectrophotometer. 
Selected samples were used for determination of enzyme activity and phos-
phorous concentration. 
Prorennin samples were activated at pH 5. 0 in 0. 3 M aceta te buffer. 
Activation was allowed to proceed to completion whereupon samples were 
neutr alize d to µH 6. 0 !. 0. 1 and treated as those activated at pH 2. 0. 
lt is noteworthy that upon neutralization of samples activated at pH 
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5. 0, there was no precipitate like that which resulted from neutralizing mixtures 
activated at pH 2. 0. 
Activation mixtures were prepared for electrophoresis in a similar 
way except the prorennin concentration was 1. 7 mg / ml , and the dialyzed and 
neutralized activation mixtures were lyophllized. 
Starch- urea-gel electrophoresis. Starch-urea-gel electrop hor esis was 
carried out by a modific atio n of the procedure described by El-Negoumy (8). 
The gPI was made by m1xrng 27 g hydrolyzed starch (Connaught Medical Labora-
tories. Toronto, Canada) wi th 150 ml 0. 015 M tris buffer adjusted to pH 8. 3 
with citric acid . The mixture was heated to boiling over a direct flam e while 
being shaken by hand. It was then removed from the flame and 55 g of urea was 
added. Heating was resumed to a seco nd boiling after which the hot gel was 
allowed to cool to about 65 C. Vacuum was then applied from a water aspirator 
to remove the air bubbles . A relief valve in the vacuum line was manually 
operated to prevent the J iqu1d from being drawn into the line . One ml 2-mercapto-
ethanol was then added with gentle mixing (29 , 39). The warm gel was poured 
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into a plexiglass frame (inside dimensions 0. 3 x 13 . 8 x 22 . 2 cm) and cover ed 
wi th a piece of glass . T he excess gel was forced out and a heavy object was 
place d on the glass plate . The gel was aged for 16-20 hours at room temper-
a tur e. 
The conductivity buffer for electrophoresis was a modification of 
Pouhk ' s buff e r (31 ). T"'o one-liter glass loaf pans were us ed as elec trod e 
vessels into each of which was placed 750 ml 0. 25 M borate conductivity buffer 
at pH 8. 3. Bridg es be twee n th e buffer and the gel were made of 8 sheets of 
Whatman No. 1 filt er paper . The conductivity buffe r was used for a maximum 
of te n days befor e replacing with fresh buffer . 
After aging , a cut was made across the gel about 10 cm from the end. 
Samples containing 1% protein in 6 M urea, were absorbed onto inserts made 
from S & S No. 740-E absorbent paper. These wer e then blotted on tissue paper 
and placed in the cut in the gel. The gel was then covered with a sheet of Saran 
wrap to preve nt dr y ing. 
Elec trophor e sis was carried out at room temperature. A voltage of 
175 V w1 th a current of 12 m a , was applied for 15-1 7 min. The power was then 
tu r ned off and the inserts removed. Electrophoresis was then resumed under 
the sa m e conditions and carried on for 4-4 1/ 2 hours. At the end of the run the 
gel was stai ned for 20 mm. , with a saturated solution of Amido black in a sol-
vent co nsisting of methanol, water, and acetic acid (5 :5:1) (38). The excess dye 
was washed off and the gel destained in 3-4 changes of the solvent. 
Act ivation mixtur es \Vere prepared by activating samples of prorennin 
and neutrali zing and dialy zi ng them as already explained. Samples were then 
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freeze dried and the powder kept in the refrigerator. A 1 o/, solution of the 
dried samples rn 6 M urea was made and applied to the starch-urea-gel. Along 
with these, samples of prorennin , rennin, and pepsin (3 x crystallized) were 
run for identification and comparison. Activity tests were not run on fractions 
separated by electrophoresis because of the denaturing effect of urea . 
Amino acid analysis. 1 Protein samples were dried over P 2 o5 for 
three days after which they were weighed and placed into 100-ml round bottom 
flasks. Fifty ml 6N HCl was added to each flask and the solutions were purged 
with high purity dr y nitrogen for about 5 min, The flasks were then closed with 
a teflon stopper. After evac uation , the samples were autoclaved at 110 C for 
22 hours. The standard method for amino acid analysis as described by 
Spackman et al. (41.) was followed using a Beckman amino acid analyzer. 
Nitrogen determination. The nitrogen content of rennin and pro-
rennin samples was measured by a semimicro Kjeldahl Method (24). 
Phosphorus determination. The inorganic phosphorus content of 
el uted tractions was estimated by the method of Fiske and Subbarow (11). 
1 Amino acid ana lyses were performed by Dr. M. A. Stahmann, Dept. 
of Bioc he mistr y, University of Wisconsin, Madison , Wisconsin. 
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RESULTS 
Purification and homogeneity of prorennin . A typical fractionation of 
partially purified prorennin by stepwise elution from a column of DEAE-cellulos e 
is shown in Figure 1. Peak I consisted of impurities which had no enzymatic 
activity. Peak II constituted the prorennin fraction , while a minor peak (III) 
r epresented active rennin . A minor peak between peaks I and II was inactive 
impurities. In all preparative experiments activity applied to the column as 
partially purified prorenmn was completely recovered in the prorennin and 
rennin fractions (peaks JI and ID). The activated enzyme (peak III) amounted 
to onl y 0.1 % of the tot al potential activity when chromatographed at 3 C, but 
tended to increase when chromatographed at higher temperatures. The 
purified prorennin fract10n was never entire ly free from active e nzyme 
bec ause some activation occurred during and after fractionation. 
There was no evidence of chromatographic heterogeneity in the pro-
rennin pe ak shown in Figure 1. Material represented by this peak was pool ed, 
dial yze d and freeze dried . Some of the dry material was rechromatographed 
on a new pr eparative DEAE-cellulose column with an elut ion gradient from 0. 1 
Lo 0 . 3 M phosphate buffer at pH 5. 85 . Figure 2 shows the effluent curve for this 
experiment . Except for a minor peak representing activated enzyme, nothing 
e merged from the column but a single peak which represented the prorennin 
fraction. Again there was no evidence of heterogeneity. 
Further evidence of homogeneity of the prorennin was provided by 
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Figure 1. Chromatograp hy of partially purified prorennin on a DEAE-cellulose column (2. 5 x 28 cm). 
650 mg sample equilibrated with 0. 05 M phosphate buffer (pH 5. 95) , Elution was stepwise as 
indicated. Flow rate : 36 ml / hr. Fraction size : 21. 2 ml. 
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Figure 2. Rechromatography of prorennin by gradient elution on a DEAE-cellulose column (2 . 5 x 25 cm) . 
Grad ient formed by s t arting with 800 ml 0. 1 M phosphate buffer at pH 5. 85 and adding 800 
ml 0. 3 M phosphate buffer at pH 5. 6 during chromatograph y . Flow rate : 25 ml/hr. Fr action 
size: 18 ml. Load : 130 mg. 
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results obtained from zone electrop horesis in starch-urea-gel. Figure 3 
shows the results of this experiment. While crystalline rennin (D) was resolved 
into six compone nts , prorennin (A, B, and C) showed but a single major band. 
The figure also shows a mmor low mobility band in A and C on samples subject ed 
to a smgle chromatographic purification. This represented an impurity not 
present in sample B which had been double chromatographed. The impurity 
ba nds in A and C were not visible to the naked eye on the starch-urea-gel , but 
they were picked up by the camera. Although these electrophoretic impurities 
were separated from prorennin by rechromatography (Figure 3), there was no 
measurable incr ease rn specific activity. Hence, prorennin used in this study 
was run only once through the DEAE-cellulose column unless otherwise specified. 
The effect of adding s ulfur -co ntaining compounds to the protein solvent, 
in addition to that added to the gel, for electrophoresis was examined since it 
was known to improve resolution of some proteins (29). Figure 4 illustrates the 
e ffect when rennin and prorennin samples were dissolved in 6 M urea in the 
presence and absence of 1 % (v /v) 2-mercaptoethanol, and applied to starch-
urea-gel cont ain ing 2-mercaptoethanol. Both these proteins (A and C) gave 
identical patterns whether or not 2-mercaptoethanol was added (B and D) to the 
sample . Therefore, 2-mercaptoethanol was used only in making the gel, since 
this gave as good resolution as when added to the sample. 
Effect of urea on rennin and prorennin. The value of starch-urea-gel 
electrophoresis might be questioned as a technique for studying enzymes such as 
rennm because of the den aturing effect of urea . However, the excellent resolution 
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Figure 3. Starch-urea-gel electrophoresis patterns of : (A) and (C) Chromatographed prorennin , 
(B) Rechromatographed prorennin, and (D) Crystalline rennin. All samples were dis-
solved in 6 M urea at concentration of 1 %. Electrophoresis was run for 4 1/2 
hours at 25 C; 1 75 V at 12 ma. 
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Figure 4. Starch ·-urea-gel electrophoresis patterns of: (A) Crystalline rennin dissolved in 6 M urea containing 
1% (v/v) 2-mercaptoethanol, (B) Crystalline rennin dissolved in 6 M urea, (C) Chromatographed 
pro rennin dissolved in 6 M urea containing 1 % (v /v ) 2-mercaptoethanol , and (D) Chromatographed 
prorennin dissolved in 6 M urea. Electrophoresis was run for 4 hours at 25 C; 175 V at 12 ma. 
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obtained with other proteins made it a tempting procedure. Even though urea 
denaturation does occur, the method can yield information about heterogeneity 
of structure and aggregation which can not be obtained from studies on native 
rennin and prorennin . 
The effect of urea on enzyme activity was investigated. Samples of 
prorennin and rennin were dissolved in 6 M urea at a concentration of 1 % 
(w/ v), and left at room temperature for 6 hours after which they were dialyzed 
agai nst 0 . 002 M cacodylate buffer at pH 6. 0 for 6 hours. The prorennin sample 
was activated at pH 2. 0 with dilute H3 P0 4 for 20 minutes. Activity tests were 
then performed on both samples. The "a ctivated" prorennin showed no activity , 
while rennin contained 8% of its initial activity. When the rennin was 
tested befor e the urea was removed by dialysis , it contai ned 20% of its initial 
activity. 
Crystalline rennin and purified prorennin that had been incubated in 
6 M urea for different intervals , were electrophoretically assayed. Although 
prorenni11 patterns showed no significant change due to the prolonged incubation 
in urea , rennin patterns were changed significantly and indicated an increase 
in the numb er of components. This is shown in Figure 5. 
Samples of crystalline rennin were dissolved at concentrations of 1 % 
and 0. 5 % (w/v) respectively in 6 M urea and 6 M urea plus 0. 05 M phosphate 
buffer (pH 5. 8) The solutions were held at 25 C, and sa mples were withdrawn 
perio dically for activity measurements. Results in Figure 6 show th at solutions 
containing phosphate ions lost activity more rapidly than phosphate-free urea 
Figure 5. Starch-urea-gel electrophoresis patterns of : purified pror ennin and cr ystalline rennin 
incubated in 6 M urea for diff er ent intervals : {A, C, E , and G) Pror ennin incubated for 
0 , 6 , 12 , and 24 hours r espectiv e ly , {B, D, F , and H) Rennin incubated for 0, 6 , 12 , 
and 24 hours respectivel y . Electrophoresis was run for 4 1/ 2 hours at 25 C ; 175 Vat 
12 ma. 
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Fi gur e 6 . Effect of 6 M urea on rennin activity . 
.....__... 1. 0% rennin in 6 M urea . 
....,___. 0. 5% rennin in 6 M urea. 
-- 1. 0% rennin in 6 M urea plus 0. 05 M phosphate. 
0---0 0. 5% rennin in 6 M urea plus 0. 05 M phosphate . 
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so lutions. There was a mor e rapid loss of activity in 0. 5% than in 1. 0% 
re nnm solutions. Th is was true whether or not the urea solutions contained 
add ed phosphate. 
Effect of pH on activation of prorennin. Activation of prorennin was 
c ar r ied out at pH 2 . 0 and 5. 0 in 0. 02 M phosphate and 0. 3M acetate buffers 
r e spectivel y . The phosphate buffer was made to contain 60 % glycerol (v/ v) 
to reduce the rate of activation (37) . A pepsin-catalyzed activation also was 
performed at pH 5. 5 in 0. 3 M citrate buffer (34). Activation mixtures were 
prepared by dissolving purified prorennin powder in the appropriate buffer 
a t a concentration of 1. 7 mg / ml. Pepsin in 0. 3M citrate buffer (pH 5 . 5), was 
added to the prorennin solution. Samples were withdrawn at appropriate inter-
va ls for activity measurements . A comparison of the activation of prorennin at 
d iffe rent pH values is shown in Figure 7. 
At pH 2. 0 , in the presence of glycerol, activation resembled a first-
o rcte r re action (37 ). At pH 5. 0 the autocatalytic nature of activation was evident 
fr om the typical S- shaped curve characteristic of this reaction (22). A rather 
co mplex reaction occurred when pepsin catalyzed the activation. Maximum 
ac tivity was reached in about 34 hours at pH 2. 0 in phosphate buffer containing 
60 % (v/ v) glycerol. At pH 5. 0, maximum activity was attained in about 60 
hours . At pH 5. 5, in the presence of 4 milk-clotting units/ml of pepsin, the 
activation was complete after about 70 hr. 
Resolution of activation mixtures. Crystalline rennin and chromato-
graphically purified pror ennin were chromatographed on DEAE-cellulose columns 
Figure 7. Pepsin-catalyzed activation of prorennin compared with activation a t pH 2. 0 and 5. 0 . 
Activation at pH 2. 0 in phosphate buffer conta ining 60% (v/v) gl yce rol 0--0 ; 
Activation at pH 5.0 in 0. 3M acetate buffer .._... ; Pepsin-catalyzed activation at 
pH 5. 5 in 0. 3 M citrate buffer 0-Q . 
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under the same conditions used for resolution of activation mixtures. Elution 
was carried out with phosphate buffer with a linear gradient between 0. 02 M 
(pH 6 . 0) and 0. 4 M (pH 5. 5). These chromatograms provided a basis of com-
parison for those obtained during chromatographic separation of activation 
mixtures. They also served to eli minat e doubt that some fractions separated 
from activation mixtures were present in the original prorennin material. 
Figure 8 shows the elut ion curve for purified prorennin which did not show 
ev ide nce of impurities except for some activated enzyme. The pror e nnin 
appeared to be homog eneo us by both absorbancy and activity curves. Unlike 
prorenni n, crys tallin e rennin gav e chromatographic evidence of heterogeneity 
as shown in Figure 9. Two rennin fractions, C and B (14), were observed 
al ong with a small fraction of inactive material (impurities) which was eluted 
ear lier as shown in the figure . When rennin fractions were e lectrophoretically 
analyze d , it appeared that C-rennin consisted of the minor fractions (five) , 
while B- r ennin contained the major one. The front portion (the first 8 tubes) 
o f B-rcnnin, howev er, showed some contamination from C-rennin and visa 
vers a . This is shown in Figure 10 . 
Activation mixtures were prepared by dissolving purified prorennin 
in an appropriate buffer for activation. After activation was complete the 
mixtures were neutralized to pH 6. 0:: 0. 1 with saturated Na2 HP0 4 , dialyzed 
against 0. 002 M cacodylate buffer (pH 6. 0), and applied to an analytical DEAE-
cellulose column (38 x l. 1 cm) . Fractions (5-ml) were collected and their 
ab sorbancies measured at 280 my. Selected samples were assayed for rennin 
ac tivit y. Figures 11 and 12 show elution chromatograms for prorennin 
Figure 8. Rechromatography of prorennin by gradient elution on a DEAE-cellulose column (38 x l. 1 cm ). 
Linear elution gradient formed by starting with 0. 02 M phosphate buffer at pH 6 . 0 and going 
to 0 . 4 M phosphate buffer at pH 5. 5. Flow rate : 15 ml / hr . Fr action si ze : 5 ml. Load : 
30 mg. 
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Figure 9 . Chromatography of cr ystalline rennin by gradient elution on a DEAE-cellulose column 
(38 x l. 1 cm). A linear elution gradient formed by starting with 0. 02 M phosphate 
buffer at pH 6. 0 and going to 0. 4 M phosphate buffer at pH 5. 5. Flow rate : 20 ml/hr. 
Fraction size : 5 ml. Load : 33 mg. 
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Figure 10. Starch-urea-gel electrophoresis of : (A and E) Whole crystalline r ennin , (B) C-rennin , 
(C) The front portion of B-rennin (adjacent to C-rennin), (D) The second portion of B-
rennin. Electrophoresis : 4 hours at 25 C; 175 V and 12 ma . Protein concentration : 
1%. 
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Figure 11. Chromatography of ac ti vat ion mixture (pH 2. 0) by linear gradient elution on a DEAE-cellulos e 
column (38 x 1. 1 cm). Elution gradient from 0. 02 M phosphate buffer at pH 6. 0 to 0. 4 M 
phosphate buffer at pH 5. 5. Flow rate : 15 ml/hr. Fraction size : 5 ml. Load : 34 mg. 
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Figure 12. Chromatography of activat ion mixture (pH 5. 0) by line ar gradient e lution on a DEAE-cellulose 
column (38 x 1. 1 cm). Elution gradient from 0. 02 M phosphate buffer at pH 6. 0 to 0. 4 M phos-
phate buffer at pH 5. 5. Flow rate : 15 ml/hr. Fraction size : 5 ml Load : 34 mg. 
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following activation at pH 2. 0 and 5. 0 respectively. In Figure 11 two major 
peaks are obs erved ; the peptide (I) and the rennin (II). A minor peak adjacent 
to the main peptide peak is also visible . The highest concentration of rennin 
was eluted at an elution volume of about 540 ml. Fractionation of the mixtur e 
activated at pH 5. 0 (Figur e 12) gave a similar curve, but elution of the rennin 
fraction did not requir e as high a concentration of phosphate buffer. In this 
case the highest concentration of the enzyme came off the column at an elution 
volume of about 480 ml. Slight heterogeneity may also be noted in the chromato-
gr am. It was difficult to detect any chromatographic differences between pep-
tide fractions from the two activation mixtures. 
To confirm elution differences observed between rennin from the two 
activation mixtures , samples of prorennin were activated at pH 2. 0 and 5. 0 
respective ly. After activation was complete, the activation mixtures were 
neutrali zed and dialyzed as described previously then freeze dried. The dried 
materi a ls were mixed , dissolved in few milliliters equilibrating buffer and 
immedi ately app lied to the DEAE-cellulose column. Fractionation of the 
mixtur e is illustrat ed in Figure 13. Two overlapped fractions are evident . The 
maximums of these fractions were eluted at about the same positions as for the 
i ndi victual activation mixtures. The peptide fractions were also observed as 
shown in the figure. 
Electrophoretic resolution of activation mixtures. Activation of pro-
rennin was carried out in the absence of glycerol at pH 2. 0 and 5. 0. Activation 
of a third sample was catalyzed by pepsin at pH 5. 5 (34). When activation was 
Figure 13. Chromatography of mixed activation mixtures (activated at pH 2 , 0 and 5. 0) by gradient 
elution on a DEAE-cellulose column (38 x 1. 1 cm) . Elution gradient from 0. 02 M 
phosp hat e buffer at pH 6 . 0 to 0. 4 M phosphate buffer at pH 5. 5. Flow rate : 15 ml/hr. 
Fraction size : 5 ml. Load : 35 mg. 
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complet e (ne ar completion for pepsin-catalyzed activation), the mixtures wer e 
ne ut ra li zed to pH 6. 0 :': 0. 1 with saturated Na2 HP0 4, dialyzed against 0. 002 M 
ca codyl a te buffer (pH 6. 0) , and lyophilized . A 1 % solution of each dried acti-
vation mixture in 6 M urea was applied immediately to a starch-urea-gel slab 
for e lectrophoresis. Samples of prorennin, crystalline rennin, and pepsin 
wer e run simultaneously for identification and comparison . Electrophoresis 
wa s carried out for 4 1/ 2 hours at 175 V and 12 ma. After the run was com-
pleted the gel was stained with amido black. Figure 14 shows the starch-urea-
gel electrophoretic pattern from this experiment. Prorennin (A) showed a 
singl e band while cryst alline rennin, (B) was resolved into six components . 
The mixture activated at pH 2 . 0, (C) was resolved into five fractions; one major 
rennin component traces of three others, and a positively charged fragment 
which moved toward the negative electrode. When prorennin was activated at 
pl-I 5. 0, (D) only one major band representing a single rennin component was 
obser ved . The positively charged component noted in the pH 2. 0 activation 
mi xt ur e, was absent in the pH 5. 0 activation mixture. Pepsin (E) gave a 
singl e electrophoretic band although a trace of heterogeneity may be noted. 
E lec trophoretic patterns of the pepsin-catalyzed activation mixture (F) and 
the pH 5. 0 activation mixture (D) were quite similar. Evidence of some 
pror ennin and pepsin may be observed in pattern (F). A slight heterogeneity 
comparable to that of crystalline rennin was observed in all activation mixtures. 
lt was noted that the main rennin component activated at pH 5. 0 moved slightly 
ahead of that activated at pH 2. 0 . It was also observed that rennin activated at 
Figure 14. Starch-urea-gel electrophoresis patterns of : (A) Prorennin , (B) Crystalline rennin, (C) pH 2 . 0 
activation mixture, (D) pH 5. 0 activation mixture , (E) Crystalline pepsin , and (F) Pepsin-
cata lyze d activation mixture. Electrophoresis was run for 4 1/ 2 hours at 25 C; 175 V at 12 m a. 
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pH 5. 0 alwa ys gave dark er bands upon staining than that activated at pH 2. 0. 
There was no electrophoretic evidence of the large inactive peptide 
fract10n separated from prorennin during activation. This fraction , however , 
was readily separated from active rennin by column chromatography. Absence 
of these peptide fractions in the electrophoretic patterns was due to their ina-
bility to stain with am ido black. This was confirmed when peptide materials 
sepa rated by column chrom atography were electrophoretically analyzed , and 
co uld not be detected in the starc h gel. 
It is noteworthy th a t the positively charged fraction which appeared in 
the e lec trophoretic pat te rn of the mixture activated at pH 2. 0 became lighter 
upon conti nued destaining. 
Wisse et al. (44) reported better resolution of protein components and 
sharpe r e le ctrophoret ic zones when protein samples were held in urea solutions 
pr ior to elec trophor esis. Hence, a portion of the samples used in the previous 
experime nt were left at room tempera ture for 4 1/2 hours before they were 
analyze d by electrophoresis. Figure 15 illustrates the effect of such treatment . 
All samples showed sharper bands. This was particularly true for crystallin e 
rennin in which resolution was improved (B), and, for the pepsin-catalyzed 
ac tivation mixture (F) . 
Amino acid analysi s. Amino acid analysis was carried out as previousl y 
described . Samples of prorennin and the rennin prepared from it at pH 2. 0 and 
5. 0 were analyzed. Table 2 shows the results of this ana lys is. As far as pro-
re nnrn is concerned, the resul ts are in good agreement with those reported 
Figure lG. Starch-urea-gel electrophoresis patterns of : (A) Prorennin , (B) Crystalline rennin , (C) pH 
2. 0 activation mixture , (D) pH 5. 0 activation mixture, (E ) Crystalline pepsin , and (F) Pepsm -· 
catalyzed activation mixtur e . Samp le s were held in urea 4 1/ 2 hours befo re electrophor esis 
for 4 1/ 2 hours at 25 C; 175 V at 12 ma . 
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Table 2. Amino acid compositio n of prore nnin , rennin activated at pH 2. 0 , 
and rennin act iva ted at pH 5. 0 expressed as moles / 105 grams 
proteina 
Re nnin 
Amino acid Prore nnin pH 2. 0 pH 5. 0 
Lysine 38. 26.1 26.0 
Histidi ne 14. 13 . 9 13.2 
Arginine 21. 7 24 . 9 17 . 9 
Asparatic 91. 7 107. 8 106 . 1 
Threo nin e 56.8 64.7 63.0 
Seri ne 71 . 3 80 . 1 77 . 7 
Glut a mic 102 . 8 97 . 6 98 . 8 
Prolme 42 .7 32.8 43. 1 
l'lyci ne 77.2 81. 0 79.6 
Alan10e 4 8.5 43 . 4 38 .3 
Cys t10e 1/ 2 15 . 1 9.2 11. 2 
Valm<> 57 . 2 66.1 69.0 
Methioni ne 15 . 5 7 .1 8 . 9 
lsole uci ne 49 . 0 49.7 47 . 4 
Le ucm e 69. 3 59.7 65.0 
Tyro s ine 48 . l 45. 3 49 . 7 
Phenylala nine 43.9 44 .5 46 . 1 
aTh e nitrogen content r e ported by Foltmann (16) for prorennin and rennin 
(l 5 . 5 and 15. 4 % for prorennin and rennin respectively) were used to cal-
culate the amino acid composi tion of these proteins. 
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by Foltman (17) for tot al prorennin or prorennin-B. Except for arginine 
and µro me, the amino ac id compositions of the two rennin samples are very 
close. Lt should be noted that the arg inine content of Foltmann's (17) rennin 
is closer to that of the r ennin activated at pH 5. 0 than to that activated at pH 
2. u. 
DISCUSSION 
Purified prorennin appeared t.o be homogeneous when subjected t.o 
chromatography on DEAE-cellulose and to electrophoresis on starch-urea-
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gel. This was contrary to the findings of Foltmann (15 , 16) , but in agreement 
with those of Bundy et al . (5) and Djurt.oft et al. (7) . Foltmann (18) suggeste d 
that lhe heterogeneity observed in his work might have stemmed from genetic 
variants that were not present in the prorennin used by Bund y et al. (5) . How-
ever , no evidence was given to support the existence of genetic variants in pro-
r e nnm. Foltmann (18) did not suggest a reason for the homogeneit y reported 
by Djurtofr et al. (7) who used the same material he did. 
When chromatographically purified prorennin solutions were concen-
tr ated by perfusion in dialysis casings prior to freeze drying there was about 5% 
loss in activit y accompanied by slight chromatographic he terogeneit y in the dried 
ma.ter ial. However, this heterogeneity was produced during perfusion and did 
no t ex is t in the original material. A similar observation was made by Gellotte 
a.nd Kr antz (19 ) when they sustained some loss of activity during vacuum con-
ce ntration of highly purified pepsin solutions . 
There have been numerous reports (9 , 14 , 25) that crystalline rennin 
is a heterogeneous protein. These findings were verified by both column 
chromatography and zone elec trophoresis. This , however , did not rule out the 
possibility that a homogeneous rennin might be obtained since an essentially 
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homogeneous rennin was observed by chromatography and electrophoretic 
analysis of freshly activated prorennin. Crystalline pepsin was long considered 
a heterog eneous protein until Rajagoplan et al. (32) showed that autolysis usually 
takes place during its preparation which requires prolonged treatment under acid 
conditions. They also showed that the homogeneity of pepsin depended critically 
upon the pH of activation. This is most probably the case with cr ys talline rennin , 
s ince all the crystallme rennin used in reported studies (includes the present one) 
were prepared from commercially activated rennet extract. Rennin has been 
shown to undergo autolysis under certain conditions (28). 
It appears that a rennin fraction which corresponded to Foltmann's 
(14 , 18) B-rennin produced a single electrophoretic component, but that several 
components wer e evident in the electrophoretic pattern of the fraction which 
corresponded to his C-rennin. When activity losses occurred in purified rennin 
there was always an increase in the C component. This raises the possibility 
that the C-fraction is really a partially fragmented form of rennin and may con-
sist of several components distinguishable by starch-urea-gel electrophoresis. 
Since C- rennin has a lower specific activity than B-rennin it is quite probable 
that some of these components are inactive. 
Although it was suggested that rennin probabl y had no helica l structure 
(25), the secondary structure of pro rennin has yet to be determined. 
Proteins may be denatured by urea which competes for H-bonding sites 
in protei ns and produces an unfolding of the protein chain(s) (43). It was demon-
strated that rennin had more resistance toward urea denaturation tha n prorennin . 
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This suggested a fundamental difference in their secondary or (and) tertiar y 
structures. Even if rennin did not have a helical secondary structure (25) , 
rntramolecular H-bonding must be important to its activity. The potential 
activit y of prorennin appeared to be more easily destro yed by urea , perhaps 
because the H-bonding sites are eve n more easily destroyed. An optical rotator y 
dispersion study would help greatly to learn about the structures of these pro-
teins. 
It was obvious that a change in primary structure occurred when pro-
rennin was activated because there was a liberation of peptide material. Even 
though expos ure of prorennin to 6 M urea did not increase the number of 
fractions observed in starch-urea-gel electrophoresis, it completely and rapidly 
destroyed its ability to become activated. On the other hand exposure of 
crystalli ne rennin to 6 M urea destroyed the enzyme activity more slowly, and 
caused an increase in the number of e lectrophoretic compo nents. 
As previously reported (33, 34 , 37) there were distinct differ e nces 
betwe en activation curves for rennin activated at pH 5. 0, pH 2. 0, and for 
pepsin-catalyzed activation at pH 5. 5. There also appeared to be differences 
between the products resulting from these different cond ition s of activat ion. 
When rennin samples activated at pH 2. 0 and 5. 0 respectively were eluted 
from DEAE-cellulose by gradient elution, the rennin activated at pH 5, 0 
came off the column earlier than that activated at pH 2. 0. This was verified 
by combining the activation mixtures and chromatographed them together 
where they were eluted as distingu'ishab le components. The relative positions 
of these two com ponents on the chromatogram was such th at the rennin 
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activated at pH 5. 0 corresponded to the main component in crystalline rennin 
or to Foltmann ' s (14, 18) B-rennin . The rennin activated at pH 2. 0 was eluted 
more s lowl y . It was obvious that neither of these represe nt ed the fragmented 
fraction which corresponded to Foltmann's (14 , 18) C-rennin, It appeared that 
the rennin activated at pH 2. 0 was in a position on the chromatogram which 
corresponded to Foltmann ' s (14, 18) A- re nnin . It is interesting to speculate 
whether these components were the same. 
Starch-urea-gel electr ophoresis of the two activation mixtures showed 
that the main r ennin component from pH 5. 0 activation always migrated slightly 
ahead of the corresponding component activated at pH 2. 0. It also showed that 
activatio n of prorennin at pH 2. 0 produced a fragment which m igrated toward 
the cathode in starch-urea-gel electrophoresis. This fragment was never 
prese nt in mixtures activated at pH 5. 0. 
Amino acid analysis of rennin activated at these two pH values revealed 
that rennin activated at pH 2 . 0 contained more arginine and less pro line (25 
compared to 18 moles/10 5 g protein and 33 compared to 43 moles/10 5 protein 
for arginine and proline r espec tively). The difference in argi nin e conte nt could 
have accou nted for the differences in electrophoretic mobili t ies and chromato-
gr aphic elutions. 
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